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FLEXIBLE DISPLAY PANEL, DISPLAY
DEVICE AND MANUFACTURING METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s the U.S. national phase entry of
PCT/CN2017/090309, with an international filling date of
Jun. 27, 2017, which claims the priority benefits of the
patent application No. 201610805303.X filed to the Chinese
Patent Office on Sep. 5, 2016, the disclosure of which 1s
incorporated herein by reference.

FIELD OF THE INVENTION

This disclosure relates to the field of flexible display
technologies, and in particular to a flexible display panel, a
display device and a manufacturing method thereof.

BACKGROUND

Flexible devices are used more and more widely 1n our
lives. People attach increasing importance to flexible elec-
tronic devices, 1n particular tlexible display panels, because
of their characteristics such as light weight, thin thickness,
flexibility or even foldability, and good mechanical pertor-
mances. A flexible display panel i1s usually manufactured on
a flexible carrier, which facilitates a narrow frame design
due to its bendability. For example, a lateral side of the
flexible display panel on which a control chip 1s provided
can be bent towards a surface opposite a display surface of
the flexible display panel, thereby achieving a narrow frame
design. Since 1t 1s necessary to have signal lines 1n a display
region extend to a binding region for electrical connection
with the control chip, a plurality of lead wires will be
arranged between the display region and the binding region.
The lead wires will necessarily pass through a bent region,
and as a radius of the bend of the flexible display panel gets
smaller and smaller 1n the bent region, the lead wires
become more easily broken here, which results 1n degrada-
tion of the quality of the flexible display panel or even
damage and failure to the flexible display panel.

SUMMARY

To this end, embodiments of this disclosure provide a
flexible display panel, a display device and a manufacturing
method thereot, so as to alleviate or overcome the problem
of easy breakage of lead wires of an existing flexible display
panel 1n a bent region.

A flexible display panel 1s provided 1n an embodiment of
this disclosure, the display panel comprising a display
region and a bent region, the flexible display panel being
bent 1n the bent region towards a surface opposite a display
surface of the flexible display panel. The flexible display
panel Turther comprises a plurality of lead wires located in
the bent region, each lead wire being electrically connected
with a signal line 1n the display region and each lead wire
having a hollow pattern.

For the flexible display panel provided in this disclosure,
in some embodiments, each lead wire 1n the bent region
comprises at least two hollow patterns independent of each
other.

In some embodiments, the hollow pattern comprises a
plurality of repetitive sub-patterns, the repetitive sub-pat-

10

15

20

25

30

35

40

45

50

55

60

65

2

terns being connected to one another so as to form a
continuous hollow pattern extending 1n an extending direc-

tion of the lead wires.

Furthermore, 1n some embodiments, the sub-pattern com-
prises at least one selected from a group consisting of a
polygonal line, an arc, a circle, an oval, a triangle, a rhombus
and a polygon.

In some embodiments, an arrangement density of the
repetitive sub-patterns depends on a radius of curvature of
the bent region designed for the flexible display panel, and
the smaller the radius of curvature 1s, the greater the arrange-
ment density of the repetitive sub-patterns 1s.

In some embodiments, for the plurality of lead wires, the
sub-patterns included 1n the hollow patterns for the plurality
ol lead wires are 1dentical.

In some embodiments, the sub-patterns of the hollow
patterns of every two adjacent lead wires shift relative to
cach other by a distance of smaller than one sub-pattern 1n
the extending direction of the lead wires.

In some embodiments, each lead wire comprises at least
two continuous hollow patterns, the at least two continuous
hollow patterns being located 1n one and the same line and
spaced from each other by a certain distance.

In some embodiments, the lead wires have a line width
greater than that of the signal lines connected therewith.

In some embodiments, the lead wires 1n the bent region
have a rectangular contour.

In some embodiments, the sub-patterns are zigzag
polygonal lines.

In some embodiments, each lead wire only comprises one
continuous hollow pattern, the continuous hollow pattern
extending along a straight line that comprises a center point
of the lead wire and has the same extending direction as that
of the lead wire.

In some embodiments, the lead wires have a line width of
10 um-50 pum.

In some embodiments, the flexible display panel turther
comprises a binding region for arranging a control chip, the
bent region being located between the display region and the
binding region, and the lead wires being further electrically
connected with the control chip.

A display device 1s provided 1n another embodiment of
this disclosure, and the display device can comprise the
flexible display panel according to any of the above embodi-
ments, and a control chip arranged 1n the binding region of
the flexible display panel.

A method for manufacturing the display device according
to the above embodiment 1s provided 1n yet another embodi-
ment of this disclosure, and the method may comprise the
following steps: forming a flexible display panel comprising
lead wires with hollow patterns 1n a bent region; arranging
a control chip 1n a binding region of the flexible display
panel; and bending the flexible display panel in the bent
region towards a surface opposite a display surface of the
flexible display panel.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically shows a plan view of the flexible
display panel provided in an embodiment of this disclosure
in an unbent state;

FIGS. 2a and 26 are schematic views of the flexible
display panel provided in an embodiment of this disclosure
in a bent state:

FIGS. 3a and 3g are respectively schematic views of the
lead wires 1n the flexible display panel provided in different
embodiments of this disclosure;
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FIG. 4 1s a flow diagram of a method for manufacturing
the display device provided in an embodiment of this
disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

Specific implementations of the flexible display panel, the
display device and the manufacturing thereof provided in the
embodiments of this disclosure will be described below 1n
detail with reference to the drawings.

Shapes and sizes of components 1n the drawings do not
reflect the true scale of the flexible display panel, but instead
they are only provided to illustrate the embodiments pro-
vided 1n this disclosure.

The embodiments of this disclosure provide a flexible
display panel comprising a display region 100 and a bent
region 400 as shown in FIG. 1, the flexible display panel can
be bent 1n the bent region 400 towards a surface opposite a
display surface of the flexible display panel. The flexible
display panel further comprises a binding region 200 with
control chip a 200a, a plurality of lead wires 300 located 1n
the bent region 400, each lead wire 300 being electrically
connected with a signal line 1n the display region and each
lead wire having a hollow pattern 500. As shown 1n FIGS.
2a and 2b, the flexible display panel can be bent 1n the bent
region 400 towards a surface opposite the display surface of
the flexible display panel with a preset radius R.

Inventors of the present application have found that one of
the important reasons for possible breakage of the lead wires
in the bent region 1s that stress may be accumulated on the
lead wires when they are bent, and the smaller the radius of
curvature 1s, the greater the stress 1s, and 1n turn the more
casily the lead wires break. In the flexible display panel
provided 1n the embodiments of this disclosure, since the
lead wires 300 1n the bent region 400 are provided with
hollow patterns 500, the hollow patterns can dissipate the
stress accumulated on the lead wires 300 during the bending
and help the lead wires 300 to release the stress when they
are bent, which prevents breakage of the lead wires 300 and
improves the quality and reliability of the flexible display
panel.

Notably, for the flexible display panel provided in the
embodiments of this disclosure, the degree in which the
flexible display panel 1s bent in the bent region 400 can be
set upon actual needs, for example, 1t can be bent at 90
degrees as shown 1n FIG. 2a, or at 180 degrees as shown 1n
FIG. 2b. The flexible display panel can be further bent at any
angle not greater than 180 degrees. In some embodiments,
the radius of curvature R 1s not smaller than the thickness of
the flexible display panel, and the minimum radius of
curvature R can reach 0.2 mm.

In a specific implementation, 1n the flexible display panel
provided 1n the embodiments of this disclosure, 1n order to
tacilitate the arrangement of the hollow patterns 500 1n each
lead wire 300, as shown 1n FIG. 1, the lead wires 1n the bent
region 400 can have a line width greater than that of the
signal lines connected therewith. For instance, in some
embodiments, the lead wires beyond the bent region 400
have a line width of about 3 um, and the lead wires 300 in
the bent region 400 have a line width greater than 3 um.
Specific values of the line width of the lead wires 300 1n the
bent region 400 can be selected 1n the range of 10 um-350 um
according to the overall size of the flexible display panel.

Moreover, in some embodiments, in order to ensure
integrity of the lead wires 300, 1n the flexible display panel
provided 1n the embodiment of this disclosure, as shown in
FIG. 1, the lead wires 300 1n the bent region 400 have a
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4

contour similar to that of the lead wires beyond the bent
region 400, ¢.g., in the shape of a rectangle.

In some embodiments, as shown 1n FIG. 3a, the lead wire
300 1n the bent region 400 can be divided nto at least two
sub-regions 310 and 320 by the hollow patterns 500. In this
way, during the bending of the flexible display panel, 1n case
of breakage of one sub-region 310 of the lead wire 300, the
other sub-region 320 can continuously function to transfer
signals such that the flexible display panel can work nor-
mally.

Specifically, in the flexible display panel provided in the
embodiments of this disclosure, each lead wire 300 can be
provided with 1n the bent region 400 either one hollow
pattern 500 as shown 1n FIG. 3a, alternatively, a plurality of
hollow patterns 500 as shown i FIGS. 35 and 3¢ can be
formed 1n the lead wire 300, which will not be limited
herein.

Therefore, 1n some embodiments, each lead wire 1n the
bent region comprises at least two hollow patterns indepen-
dent of each other. For instance, as shown in FIG. 354, a
plurality of independent hollow patterns 500 can be arranged
in parallel 1n a direction perpendicular to the extending
direction of the lead wire 300. In this case, the lead wire 300
can be divided into a plurality of sub-regions 310, 320 and
330 by the hollow patterns 500 (the number of the sub-
regions 1s the number of the hollow patterns 500 plus 1). For
this embodiment, the stress accumulated on the lead wires
300 can be released to the greatest extent, which prevents
abnormality of the flexible display panel caused by complete
breakage of the whole lead wire 300.

Alternatively, 1n another embodiment, each lead wire may
comprise at least two continuous hollow patterns, the at least
two continuous hollow patterns being substantially located
in one and the same line and spaced from each other by a
certain distance. As shown in FIG. 3¢, two hollow patterns
500 are substantially located in one and the same line and
spaced from each other by a certain distance. In this case, the
lead wire 300 can be divided into two sub-regions 310 and
320 by the hollow patterns 500, and the two sub-regions 310
and 320 may also have a connection point in a central
portion of the bent region 400 apart from being intercon-
nected at both ends of the bent region 400, which helps to
reduce the resistance of the lead wire 300 in the bent region
400.

In some embodiments, for the flexible display panel
provided 1n the embodiments of this disclosure, the hollow
pattern comprises a plurality of repetitive sub-patterns, the
repetitive sub-patterns being connected to one another so as
to form a continuous hollow pattern extending 1n an extend-
ing direction of the lead wire. The sub-patterns can be either
regular patterns or irregular patterns, which will not be
limited herein. For example, as shown 1n FIGS. 3a-3g, each
hollow pattern 500 comprises a plurality of repetitive regular
sub-patterns arranged 1n the extending direction of the lead
wire 300, the sub-patterns being connected with each other
so as to form a continuous hollow pattern extending 1n the
extending direction of the lead wire.

In specific implementation, 1n the flexible display panel
provided in the embodiments of this disclosure, the sub-
patterns constituting the hollow pattern 500 can comprise
polygonal lines as shown in FIGS. 3A-3¢, or arcs as shown
in FIG. 3d, or circles or ovals as shown in FIG. 3e, or
triangles, or rhombuses or polygons as shown 1n FIG. 3/, or
other sub-patterns as shown in FIG. 3g, which will not be
limited herein.

In some embodiments, 1n the flexible display panel pro-
vided in the embodiments of this disclosure, as shown 1n
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FIG. 3a, the repetitive sub-patterns comprised in the hollow
pattern 500 are zigzag polygonal lines. In the embodiment as
shown in FIG. 3a, each lead wire only comprises one
continuous hollow pattern, the continuous hollow pattern
extending along a straight line that comprises a center point
of the lead wire and has the same extending direction as that
of the lead wire.

In some embodiments, for the plurality of lead wires in
the bent region, the hollow pattern of each lead wire
comprises same sub-patterns. For example, as shown in FIG.
1, the lead wires 300 have the same sub-pattern in the bent
region 400, e.g., they all consist of zigzag polygonal lines.
In this way, the resistance of each lead wire 300 1n the bent
region 400 can be relatively constant or fluctuate subtly 1n an
acceptable range.

Furthermore, 1n order to further dissipate the stress on
cach lead wire 300 in the bent region 400 and avoid
excessive accumulation of the stress, 1n some embodiments,
the sub-patterns of the hollow patterns of every two adjacent
lead wires shift relative to each other by a distance smaller
than a length of one sub-pattern 1n the extending direction of
the lead wire. For example, as shown in FIG. 1, the hollow
patterns of every two adjacent lead wires 300 can be
arranged such that the sub-patterns of the two lead wires 300
shift relative to each other by a certain distance 1n the
extending direction of the lead wire, and the distance 1is
smaller than the length of one sub-pattern. In the example of
FIG. 1, the sub-patterns 1n the shape of zigzag polygonal
lines 1 two adjacent lead wires 300 shiit relative to each
other by a length occupied by an oblique segment of the
sub-pattern in the shape of zigzag polygonal line, which can
turther dissipate the stress accumulation on the lead wires
300 during the bending and avoid possible breakage of the
lead wires in the same position. Besides, in the flexible
display panel provided in the embodiments of this disclo-
sure, the arrangement density of the repetitive sub-patterns
comprised in the hollow pattern depends on the radius of
curvature of the bent region designed for the flexible display
panel, and the smaller the radius of curvature 1s, the greater
the arrangement density of the repetitive sub-patterns 1s. The
smaller the radius R of curvature 1s, the more concentrated
the stress generated in the bent region will be, and 1n turn the
more easily the lead wires 300 break, so the arrangement
density of the repetitive sub-patterns comprised 1n the hol-
low pattern should be increased so as to release the stress on
the lead wires. In other words, the smaller the radius of the
bend of the bent region 400 1s, the greater the arrangement
density of the repetitive sub-patterns comprised in the hol-
low patterns 500 1s. For example, the arrangement density of
the sub-patterns of the polygonal line as shown 1n FIG. 3¢
1s greater than that of the sub-patterns of the polygonal line
as shown in FIG. 3a.

Based on the same 1mventive concept, an embodiment of
this disclosure further provides a display device comprising,
the tlexible display panel according to any of the above
embodiments of this disclosure, and a control chip in the
binding region of the flexible display panel. The display
device can be any product or component having a display
function, such as a cellphone, a tablet computer, a television,
a display, a notebook computer, a digital photo frame, a

navigator and the like. For the implementation of the display
device, the above embodiments of the flexible display panel
can be referred to, which will not be repeated here for
simplicity.
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Based on the same 1mnventive concept, an embodiment of
this disclosure further provides a method for manufacturing
the display device, as shown 1n FIG. 4, the method com-
prising the following steps:

S401, forming a flexible display panel comprising lead
wires with hollow patterns 1n a bent region of the flexible
display panel;

S402, arranging a control chip 1 a binding region of the
flexible display panel;

S403, bending the flexible display panel 1n the bent region
towards a surface opposite a display surface of the flexible
display panel.

According to the flexible display panel, the display device
and the manufacturing thereof provided 1n the embodiments
of this disclosure, hollow patterns are formed in the lead
wires 1n the bent region between the display region and the
binding region, which can dissipate the stress accumulated
on the lead wires during the bending and help the lead wires
to release the stress when they are bent, thereby preventing
breakage of the lead wires and improving the quality and
reliability of the flexible display panel.

Obviously, those skilled in the art can make various
modifications and variations to this disclosure without
departing from spirits and scopes of the mvention. Thus 1f
these modifications and variations to this disclosure {fall
within the scopes of the claims of this disclosure and the
equivalent techniques thereof, the invention 1s intended to
include them too.

The mnvention claimed 1s:

1. A flexible display panel comprising a display region
and a bent region, the flexible display panel being bent 1n the
bent region towards a surface opposite a display surface of
the flexible display panel, wherein the flexible display panel
turther comprises a plurality of lead wires 1n the bent region,
cach lead wire of the plurality of lead wires being electri-
cally connected with a signal line 1n the display region and
cach lead wire comprising a hollow pattern,

wherein the hollow pattern of each lead wire comprises a

plurality of sub-patterns, the plurality of sub-patterns
are 1dentical in size and shape, the sub-patterns are
connected to one another to form a continuous hollow
pattern extending in an extending direction of the lead
wires,

wherein the sub-patterns of the hollow patterns of every

two adjacent lead wires of the plurality of lead wires
shift relative to each other by a distance 1n the extend-
ing direction of the lead wires, and the distance 1is
greater than zero and smaller than a length of a single
sub-pattern of the hollow pattern 1 the extending
direction of the lead wires.

2. The flexible display panel according to claim 1,
wherein each lead wire 1n the bent region comprises at least
two hollow patterns independent of each other.

3. The flexible display panel according to claim 1,
wherein the sub-pattern comprises at least one selected from
a group consisting of a polygonal line, an arc, a circle, an
oval, a triangle, a rhombus and a polygon.

4. The flexible display panel according to claim 1,
wherein an arrangement density of the sub-patterns depends
on a radius of curvature of the bent region designed for the
flexible display panel, and the smaller the radius of curvature
1s, the greater the arrangement density of the sub-patterns is.

5. The flexible display panel according to claim 1,
wherein each lead wire comprises at least two continuous
hollow patterns, the at least two continuous hollow patterns
being located 1n one and the same line and spaced from each
other by a certain distance.
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6. The flexible display panel according to claim 1,
wherein each of the plurality of lead wires comprises a line
width greater than that of the signal lines connected there-
with.

7. The flexible display panel according to claim 1,
wherein each of the plurality of sub-patterns comprises a
zigzag polygonal lines.

8. The ftlexible display panel according to claim 1,

wherein each lead wire only comprises one continuous
hollow pattern, the continuous hollow pattern extending
along a straight line that comprises a center point of the lead
wire and has the same extending direction as that of the lead
wire.

9. The flexible display panel according to claim 1,
wherein the flexible display panel further comprises a bind-
ing region for arranging a control chip, the bent region being
located between the display region and the binding region,
and the lead wires being further electrically connected with
the control chip.

10. A display device comprising the flexible display panel
according to claim 1 and a control chip arranged 1n a binding
region of the tlexible display panel.

11. The flexible display panel according to claim 6,
wherein the lead wires in the bent region comprises a
rectangular contour.
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12. A method for manufacturing the display device
according to claim 10, comprising:

forming a flexible display panel comprising lead wires

with hollow patterns 1n a bent region;

arranging a control chip 1n a binding region of the flexible

display panel;

bending the flexible display panel in the bent region

towards a surface opposite a display surface of the
tflexible display panel.

13. The display device according to claim 10, wherein
cach lead wire 1n the bent region comprises at least two
hollow patterns independent of each other.

14. The display device according to claim 10, wherein the
sub-pattern comprises at least one selected from a group
consisting of a polygonal line, an arc, a circle, an oval, a
triangle, a rhombus and a polygon.

15. The display device according to claim 10, wherein an
arrangement density of the sub-patterns depends on a radius
of curvature of the bent region designed for the flexible
display panel, and the smaller the radius of curvature 1s, the
greater the arrangement density of the sub-patterns 1is.

16. The flexible display panel according to claim 11,
wherein the lead wire comprises a line width of 10 um-50
L.
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